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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate division approach of dividing the semi- 
conductor wafer with which especially two or more components have been arranged, and an optical 
element substrate per component according to individual, about the division approach of brittle 
substrates, such as a glass substrate, a ceramic substrate, a silicon wafer, and a compound semiconductor 
wafer. 
[0002] 

[Description of the Prior Art] The approach of forming a dicing slot and carrying out cracking along the 
slot from before, by the dicer which separates into component units, such as a chip and a pellet, and 
divides for example, a semi-conductor wafer using the rotation blade as an approach, is common 
(reference, such as JP,51-28754,A and JP,56-135007,A). 
[0003] 

[Problem(s) to be Solved by the Invention] However, generally, although the blade made from a 
diamond wheel was used for the dicer, since the width of face of a dicing slot was regulated with blade 
beam, end cost 50 micrometers or more was needed, the area of the dicing field occupied to the whole 
wafer became large, and improvement in the number of chip **** per wafer had been barred. 
Conversely, when the narrow blade was used, the problem of becoming easy to produce a micro crack 
was in the longitudinal direction. 

[0004] Moreover, in manufacture of a laser diode, as shown in drawing 5 , after having formed each 
laser diode component 51 in the substrate wafer 50, exposing the barrier layer 53 of each of that 
component by etching and forming a reflector, the predetermined part 55 of the etching groove bottom 
side was omitted with the diamond blade 54, and it met in the predetermined direction 56, and was 
dividing for every component. In this case, although the center of the groove bottom side which avoided 
hitting a component corner and only distance T separated from the reflector had been cut since there was 
a width of tooth of a blade 54 this etching slot grade, the problem that laser beam L injected from this 
reflector will reflect in a part for the lobe of distance T, and will cause interference was produced. Of 
course, as an alternate long and short dash line showed, bringing a cut location close will delete a 
component end face, and it was [ to / near the component end face ] impossible as a matter of fact. 
Furthermore, the fragment scattered at the time of division, the reflector of a component was able to be 
damaged, or the fragment adhered to the end face, and a predetermined reflection factor was not able to 
be obtained. Since the sapphire (aluminum 203) substrate which is going to be used for blue laser diode 
manufacture recently had large Mohs hardness 9 (reference: diamond degree of hardness 10) especially, 
when the mechanical cutting force separated, it was very difficult to perform the dicing by the above- 
mentioned dicer that it is easy to generate a crack. 

[0005] And since the dicing with the conventional rotation blade forms a usually linear slot and was 

restricted to a rectangular divisi on configuration, when there was alon g_different.zigzag-cleavage 

beafin^fronTtKeliirection of aTight angle and dicing was carried out in nonlinear, it was not suitable. 
By the way, if the dicing only by the dicer is performed to these brittle substrates, about the point which 
wafer cracking generates, the dicing slot of pellet division is beforehand formed in the front face of a 
semi-conductor wafer shallowly, and the method of pouring in water subsequently to the slot, carrying 
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out low-temperature solidification, and dividing a wafer by the cubical expansion at that time is 
proposed (reference, such as JP,57-7137,A). However, there was a possibility of having needed the 
complicated facility for low-temperature solidification in this case, and giving a cooling damage to the 
whole wafer by low-temperature solidification. 

[0006] The technical problem concerning this invention is offering the substrate division approach 
which there are few damages to a divided substrate and ends the dicing field of end cost still more 
simply [ can perform nonlinear dicing and ] as small as possible in view of the above-mentioned 
conventional trouble. 
[0007] 

[Means for Solving the Problem] Although glass is the transparent body and the artificer concerning this 
application cannot **** it only by laser The medium which makes a glass front face absorb a laser beam 
is applied. It is what noted the point that glass could be ****(ed) by making the medium absorb a laser 
beam. It is (Takeshi machine tool technical study group, ** editorial supervision, and Yasui refer to 
issue on "machine tool series laser-beam-machining" PI 27- 134 and "glass cutting processing by YAG 
laser" (Toshiji Kurobe work) Okita publication September 10, Heisei 2). 

[0008] In order to solve the above-mentioned technical problem, then, the substrate division approach of 
invention concerning claim 1 Form a slot in a substrate and light absorption material with the optical 
property which absorbs the light of predetermined wavelength is put into the pars basilaris ossis 
occipitalis of said slot. Subsequently, irradiate said light, said light absorption material of the pars 
basilaris ossis occipitalis of said slot is made to absorb, and it is characterized by for there being along 
said slot and dividing said substrate by said light absorption material at that time, and the volume 
thermal expansion near [ the ] the pars basilaris ossis occipitalis. 

[0009] Moreover, after the substrate division approach concerning invention of claim 2 forms said slot, 
it applies a resist, lays it under the pars basilaris ossis occipitalis of said slot, makes the carbide 
subsequently produced by heat-treatment remain, and is characterized by using said carbide as said light 
absorption material. Furthermore, it is characterized by dividing the substrate division approach of claim 
3 into a different configuration from a plane view rectangle by there being cleavage bearing along the 
cleavage bearing in invention of claims 1 or 2 using a different substrate from a right angle, and forming 
said slot, and this is suitable for manufacturing the polygon chip of three square shapes other than a 
rectangle, or six square shapes. 

[0010] the time of for example, a silicon semi-conductor being used for the above-mentioned substrate 
in this invention - a silicon wafer — moreover, the substrate equipped with the epitaxial growth phase 
etc. is used. Moreover, a laser beam, infrared light, etc. can be used as an exposure light, and a desirable 
and high power thing is good. Furthermore, the synthetic dye again more specifically used for a 
commercial magic marker (trade name) in the organic pigment generally used for printing ink etc., for 
example, an azo pigment, a phthalocyanine system condensation polycyclic pigment, etc. may be used 
for the above-mentioned light absorption material. 

[001 1] In addition, although it is desirable to perform the exposure of light from the background of a 
substrate, if it is made not to affect the component formation field on a side front, it will not matter even 
from a front-face side. Moreover, the depth of flute and width of face are determined by the **** 
property of a brittle substrate, the expansibility of the light absorption material at the time of an optical 
exposure, etc. 
[0012] 

[Effect of the Invention] since according to this invention the comparatively shallow slot is beforehand 
formed in this brittle substrate by etching etc. and an optical exposure can divide, what is necessary is 
just to prepare the minimum end cost, and per substrate of a chip or a pellet can be taken, and a number 
can be boiled markedly and can be raised. Moreover, since it is applicable if it is a brittle substrate with 
light transmission nature, without cooling or heating the whole substrate, there are few damages given to 
a substrate, that is, substrate division which does not influence quality can be performed. Furthermore, 
although it is only linear dicin g in_a_dicer_like-before.-dm^ 

at least, for example, was along cleavage bearing can be easily performed in this invention, without 
using a complicated facility separately. If a reflector is especially applied to manufacture of the laser 
diode chip formed by etching, using the etching process concerned, it can form easily, and the slot 
concerning this invention can be divided as a slot for cleavages, and flat-ization of the reflector from 
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which interference of generating laser is not started can be realized. 
[0013] 

[Embodiment of the Invention] Hereafter, a drawing explains the example which carried out this 
invention. Drawing 1 shows the example which applied this invention to the laser diode production 
process. After a substrate's 10 consisting of a light transmission nature GaAs material for laser diode 
manufacture and forming the component field of barrier layer 13 grade on a substrate 10 according to 
the usual laser component formation process (not shown), in order to divide every chip 11, substrate 
division down stream processing of this invention is performed. 

[0014] First, the division slot 12 corresponding to a predetermined chip division pattern is drilled in the 
depth of extent to which the reflector of each chip is exposed using a dry etching technique. Moreover, a 
slot 12 is formed in the direction which met in the direction of a cleavage plane of a GaAs substrate, for 
example, if it is the substrate of 100-micrometer thickness, it will use a depth of 4 micrometers, and the 
about [ width-of-face 2micrometer ] slot 12. Next, the light absorption material 15 is put into a slot 12. 
The light absorption material 15 uses the ink solution containing a pigment which was mentioned above. 
This ink solution has the quality of the material which absorbs light with a wavelength of 0.49 
micrometers, when it has the pigment of the color which absorbs the laser beam used at the following 
laser-radiation process, for example, Ar laser is used, or if it is helium-Ne laser and it is an YAG laser 
about light with a wavelength of 0.63 micrometers, it makes just make light with a wavelength of 1.06 
micrometers absorb, respectively (there is the above-mentioned reference "glass cutting processing by 
the YAG laser", when blue spreading ink fits an YAG laser.). Slot impregnation or laying under the 
ground of the light absorption material 15 is beforehand applied to a substrate front face with a spin coat 
method, wipes off and removes a surface excessive solution after that, and as it makes the light 
absorption material 15 remain only at the slot 12 pars basilaris ossis occipitalis, it is performed at it. 
[0015] In the state of the residual of such light absorption material 15, the above-mentioned laser beam 
is irradiated from the rear face of a substrate 10. In order to, avoid the effect of the component formation 
field on a substrate front- face side if possible at this time, it adjusts so that the pars basilaris ossis 
occipitalis of the focal point fang furrow 12 of a laser beam 16 may be suited by the optical lens system 
17, and the residual light absorption material 15 is made to condense a laser beam 16. By this, since 
substrate 10 part of the circumference of it is also heated and it expands while carrying out thermal 
expansion of the light absorption material 15 rapidly locally by absorbing the laser beam 16 which 
penetrated the substrate 10, toward the direction of a rear face of a substrate 10, it meets in the formation 
direction of a slot, the crack grows, and it can be divided into each chip 1 1 unit. Thus, a reflector can be 
easily formed in manufacture of the laser diode chip formed by etching using the etching process of 
reflector formation of formation of a slot 12. By it, since division becomes possible in the same direction 
of a field substantially with a reflector, the lobe by the excessive end cost produced when using a 
diamond blade can be lost. That is, the laser diode chip equipped with the flat reflector which does not 
produce interference of the reflected light resulting from this lobe can be obtained. Moreover, by setting 
up a slot 12 in the direction of a cleavage, a cleavage can be made easy and smooth division can be 
performed with the optimal chip size. 

[0016] Drawing 2 shows the example of cutting of the sapphire (aluminum 203) substrate for blue laser 
diode manufacture. A substrate 1 is single crystal sapphire excellent in light transmission nature, and the 
epitaxial layer 2 as a component formation field of a laser diode is formed in the front face. This 
epitaxial layer 2 is multilayer structure which consists of GaN, InGaN, AlGaN, and GaN, and the whole 
thickness is about 4 micrometers. Thickness D of a substrate 1 is about 80 micrometers including an 
epitaxial layer 2. 

[0017] After performing component formation of a laser diode to the above-mentioned substrate 1 (a 
component formation process is skipped), the division process separated and divided is performed to 
laser diode chip each like drawing 1 . Although the division slot 3 corresponding to a predetermined 
chip division pattern is drilled in substrate 1 front face also in this case using a dry etching technique, in 

this example, width of face W of a slot 3 i s set_to_j4_micrometers-and-depth-S-is-set-tQ-8-micrometers: 

Next, the light absorption material 4 is put into a slot 3. The light absorption material 4 uses the ink 
solution containing the above pigments. And the above-mentioned laser beam 5 is irradiated from the 
rear face of a substrate 1, and the residual light absorption material 4 is made to condense a laser beam 5 
by the optical lens system 6. Since thermal expansion is locally carried out to the direction A of a rear 
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face, and longitudinal directions B and C rapidly as the light absorption material 4 and substrate 1 part 
of the circumference of it absorb the laser beam 5 which penetrated the substrate 1 by this and it is 
shown in drawing 1 , it meets in the direction A of a rear face of a substrate 1, the crack grows, and 
substrate division which met in the formation direction of a slot 3 can be performed. 
[0018] Although light absorption material is applied to the groove bottom section in the example of 
above-mentioned drawing 1 and drawing 2 , the photoresist ingredient currently used for the semi- 
conductor manufacture process from old may be used. Namely, what is necessary is to apply with a spin 
coat method after slot formation, to perform ashing (ashing) processing so that it may remain 
subsequently only to the groove bottom section, and just to use the carbide produced by heat-treating by 
nitrogen-gas-atmosphere mind further, and carbonizing the residual resist as light absorption material. 
Moreover, as shown in the division slot pattern of drawing 4 , the above-mentioned substrate division 
approach can be applied to what makes the wafer principal plane of a silicon substrate or a GaAs 
substrate the {100} side 30, and can perform chip manufacture of a plane view rectangle. 
[0019] Furthermore, this invention is applicable also to the substrate of the wafer principal plane of 
{111} sides, as shown in drawing 3 . That is, in the case of drawing 3 , since cleavage bearing inclines in 
the direction of 60 degrees as compared with drawing 4 , division of a honeycomb configuration is 
suitable [ in the case of drawing 4 , cleavage bearing is set to <1 10> and rectangle division in the 
direction of a right angle is suitable, but ]. For that purpose, according to above-mentioned drawing 1 or 
the division procedure of the example of drawing 2 , chip division of plane view 6 square shape can be 
performed by forming beforehand the division slot pattern 20 of the shape of a honeycomb of drawing 3 
which was along the cleavage bearing. Of course, if the repeat pattern of three square shapes performs 
slot formation besides 6 square shapes, the chip of plane view 3 square shape can be manufactured. In 
addition, besides a different honeycomb configuration from such the squares, even if it is a more 
complicated slot pattern, chip division of a desired flat-surface configuration is attained by forming in 
arbitration using an etching technique. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the type section Fig. showing the division approach of the substrate for laser 
diodes which is the example of this invention. 

[Drawing 2] Drawing 2 is the type section Fig. showing the division approach of the silicon on sapphire 
which is the example of this invention, and is **. 

[Drawing 3] Drawing 3 is the wafer top view showing the example of honeycomb division of this 
invention. 

[Drawing 4] Drawing 4 is the wafer top view showing the example of rectangle division of this 
invention. 

[Drawing 5] Drawing 5 is the wafer sectional view showing the example of division of the conventional 
laser diode substrate. 
[Description of Notations] 

1 Substrate 

2 Epitaxial Layer 

3 Slot 

4 Light Absorption Material 

5 Laser Beam 
12 Slot 

15 Light Absorption Material 

16 Laser Beam 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate division approach characterized by forming a slot in a substrate, putting light 
absorption material with the optical property which absorbs the light of predetermined wavelength into 
the pars basilaris ossis occipitalis of said slot, irradiating said light subsequently, making said light 
absorption material of the pars basilaris ossis occipitalis of said slot absorb, for there being along said 
slot and dividing said substrate by said light absorption material at that time, and the volume thermal 
expansion near [ the ] the pars basilaris ossis occipitalis. 

[Claim 2] The substrate division approach according to claim 1 characterized by applying a resist, laying 
under the pars basilaris ossis occipitalis of said slot, making the carbide subsequently produced by heat- 
treatment remain, and using said carbide as said light absorption material after forming said slot. 
[Claim 3] The substrate division approach according to claim 1 or 2 characterized by dividing into a 
different configuration from a plane view rectangle by there being cleavage bearing along the cleavage 
bearing using a different substrate from a right angle, and forming said slot. 



[Translation done.] 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To make dicing performable with 
small cutting 

allowance without receiving any restriction of this cutting 
allowance due to 

the edge width of a rotary blade and also the nonlinear 
dicing achievable as 

well as to make any damage to a divided substrate so as to 
get off with 

smallness in an easy manner, in regard to a dividing method 
of brittle 

substrates such as a glass substrate, a ceramic substrate, a 
silicon wafer, a 

compound semiconductor wafer or the like, especially a 
substrate dividing 

method dividing a semiconductor wafer, where plural pieces o 
elements are set 

up, and an optical element substrate into each individual 
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element unit. 

SOLUTION: A groove 12 is formed in the surface of a 
substrate, putting a 

photoabsorber 15 provided with an optical characteristic to 
absorb a specified 

wavelength of light into a bottom part of this groove 12, and 
then a laser beam 

16 is irradiated and it is absorbed in the photoabsorber 15 
on the bottom part 

of the groove 12, through which the substrate 10 is divided 
along the groove 12 

by the volumetric heat expansion of the photoabsorber 15 and 
the vicinity of 

the bottom part at that time. In brief, a medium absorbing, 
for example, a 

laser beam and an infrared ray is reapplied to the surface of 
a brittle 

substrate with light permeability, whereby the substrate is 
divided into pieces 

by way of making the medium absorb the light. 
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